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above given. The oxide runs away as it is formed, and this is
an example of waste of iron pure and simple. The only redeem-
ing feature is that sometimes the oxide produced may be of
value for other purposes. The early open-hearth processes for
producing wrought iron in fineries, and the original method of
puddling, resemble the second case, for part of the iron is wasted
to produce the cinder needed to remove the impurities from the
remainder of the metal. The larger the proportion of these
impurities, the greater will be the loss of iron necessary to make
the required cinder, and for this reason a comparatively pure
iron is needed, in order to obtain the least waste, while at best
the waste is comparatively great. A deficiency of fluid cinder
in the early stages of ordinary puddling or "pig boiling/'
lias an exactly similar effect, and leads to waste for the same
reasons.

In the modern method of working, on the other hand, the
object is to imitate the conditions of the third case previously
supposed. Oxide of iron can be bought much more cheaply
than it can be made from pig iron, and, besides, the oxidation
of pig iron requires the expenditure of time and fuel. Oxide of
iron is, therefore, supplied in its cheapest and most readily
available form, and as much of this oxide as possible is reduced
and converted into wrought iron. To do this, it is necessary
that the iron and fluid oxide should be brought into actual and
frequent contact, and so perfect fluidity and constant rabbling
are needed. There is, of course, a practical limit to the amount
of carbon which caa be present, due to the fact that cast iron
cannot take up more than a certain amount, say 4 per cent., of
this element. There is also a practical limit in the case of both
silicon and phosphorus \ the first being regulated by the in-
creased consumption of time and fettling with excess of silicon,
and the second being determined by the inferior quality of iron
produced, with large proportions of phosphorus. Bat within*
these practicable limits it is advantageous to reduce as much of
the oxides of iron supplied as possible.

. The original puddling process is not now employed, and the
"use of the refinery has been almost entirely abandoned in Staf-
fordshire and other leading iron-making centres in Great Britain
and America, a grey iron being employed, with rich fettling,
instead. White cast iron is still puddled on the Continent by
the variety of the puddling process which depends upon the air
for oxidation, and which is known as Lu/tfrischen, but the pro-
cedure which most nearly resembles the original puddling pro-
cess is that which is adopted for the production of best Yorkshire
iron, and which is still conducted, on a somewhat considerable
scale, almost exactly as was the case a century ago. This pro-
cess, which is somewhat intermediate between dry puddling and
pig boiling, may be conveniently considered here.